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ABSTRACT " :
4 programed course in general histology was
completely developed by dental schools in the United States and
Brazil. A group of international experts specified the course
objectives, wrote and taped scripts for a series of 28 lectures of 50
minutes each, developed slides to accompany the lectures, prepared
nicrophotographs and scripts to explain and illustrate laboratory
microscope exercises, and devised daily quizzes. Evaluation of the
program after its use showed that successful scripts could be
cooperatively developed and easily translated to other languages and
that the preparation cost was minimal. Daily guizzes contributed to
increased achievement, and quiz scores coarrelated positively with
final exam performances; quiz results also helped to identify weak
students early in the term and to highli:tht areas where remedial
attention was needed. Students ir genera.. performed well; the lower
ability students achieved more than they had in conventional
instructional programs..Thus it appears ‘.hat programed instruction
can improve educational eff1c1ency by prowiding better instruction to
more students at lower costs and in les: itime, and it is recommended
that hemispheric cooperation be developed for the production of
additional programed instruction and lonj-range communications.
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ABSTRACT

Programmed.learning offers a solution to the critical shoxtage
of faculties aud facilities in providing better education to more
people at less cost, This paper reports on the cooperative development
of a programmed course in General Histology,'invclving several schools
in Brazil and in the United States, The program involves a machine
presenéation of the leCture and of part of the laboratory exercises.
Daily quizzes are used to help 1ocate.weaknesses in the program,
Objective and subjective acceptance of the program has been excellent.
Use of the program in a large scale study involving 800 students at the
Federal Unive}sity of Permambuco in Brazil proved more sétisfactory than

covventional teaching. The importance of these findings is briefly

.discussed, Hemispheric cooperation in further development of programming

and long range communications is proposed,
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All around us, there is az increasing demand to educate more
people to a higher level of complexity at less cost., Within the next
‘decade, it is estimatéd that the university systems will have toc double
their earollments to meet pobulation demands, It is not possible to
inéreése facilitiz=s and faculties to meet this anticipated demand in the
short time thét s¢ill remains, unless a radical departure is made from
the conventional praceptor type of teaching whiclk features the teacher,

the lecture roon, the blackboard and a pieée'oflchalk.

The use of programmed learning permits a course to be prepared
prior to its scheduled time for presentation., The material in the program
canrbe analyzed for'adequacy of content and detélls of presentatioﬁ. On
the basis of tﬁe feedback from interfogatibn sequences, weak points in a
program can be app;Opriatély modifié for subsequent‘presentations, Once ' Y
a program 1is prépared,'it can be continually upgraded, Instead of a
blackboard, with hasty sketches as is éharacteristid'of present lecture
preséntations,>carefu11y prepared slides can be used to save time and to
explain better. Tinally, a program can be carefu11y prepared by one
individual, or zZroup of.individuals,_and then used by several cooperating

instituticns. \
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In 1966, the'Univers;ty of Puerio Rico received a grant from the
United States Pubigé.Health Service for an educational vesearch program
which would involve the developmesi and testing of a series of programmed
learning sequences in General Histology. The first step taken was to
secure a group of internationally lmown consultants from the disciplines
requiring a prercquisité knowle&ge of histolog&. The consultants group
included an educational psychologist, a geﬁeral histologzist, a 3eneré1.
and an oral pathologist and an electyon microécopisto A member of the
Rational Boawd of.Dental Examiners aiso acted as a special consultant to
aid in improvin; the interrozation exercises, The mission of the
consultants croup was to insure. that all'program dbjéctives were in -

consonance with <he latest sciencific and educational advancements,

The program deveioﬁment was divided into three phasés. The first
included the usual material taughi iz lecture presentations; the sgcénd
incliuded the materizl preseﬁted in the hiétology 1ahbratory§ vhile the
third phase included a daily quiz that provided the ﬁeedback on strong

and weak points of the various programs.

It was not possible with 1i§ited manpower to.4evelop all three
phaées simultdneously.. Instead, the first year was devoted to developing
the outlines for the programs, as well as censtructing the questions that
were to De used iﬁ the daily quizzes. These daily quizzes consisted of
five questions, Hach question had four subunits which could either be a
true or false type, or a one word write-in question, The first two of

_these five qﬁcstions always related to the most recent lecture, whereas
the last three included material as far back as the f£irst lecture,
o .
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Thus, studeit learning was continually reinforced by interrogation
procedures durinz the course, For the 23 lectures in General Histology,
each student Was exposed to 5(0 specific points considered important,

To encourage Letter study habits, the marké received in these quizzes
were made a par: of the studentsf:ecord. 'Also, to insure repeated

review, the studenis were informed that any of the daily quiz questions

might appear in the quarterly examinaiions, ao

During ithe second year, 9;q:comp1ete1y prégrammed lecture on
muscle was prescried, This involved a fifty minute audio visual
presentation, wiih approximately 1290 synchronized slides, At the end of
each mbdulQ‘Of infoimation presented durigg thé program, there was a
multiple choice question presented on a projectéd slide, 1In this way,
all students were required to respond to approximﬁtely twenty questions
du;ing the prorram, Since this program represgnted the first contapt
the student had with the material Leing presented, the student responses
to these quesiions were not made a matter of recqrd; instead, they were
only intended to indicate to the the student his strengths and weaknesses,
However, the studeats were adﬁised that some of the same.questions would

appear in later cxaminations for which' they would be responsible.

. Since the initial testing of the program on muscle, scripts for
fifteen lectures have been completed, and of these, five have the
synchronized visuals., It is estimated that by June 1972, the scripts

for the 20 lectures will be completed,

[

O
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The latoratory programmin; has consisted of developing a series

akiiy

of microphotojrapi: and accompanyin: scripts which explain and illustrate

DRI

the objeciives eciablished for tlhiz microscopic exercises,

Wich this Lrief explauation ¢f the program format, some of the

findings frowm research data and olgezvation can be reported:

First, it Las now been devoustrated that a group of educators
Voluntarily wo:fiu; together on a cooperative basis can develop scripts
to be usaed in leazuras pre$5ﬁted by audio.vishal means., Language has
not been a pro.le.l, Fer instance, several of the scripts were accomplished
by histolowisis in different Brazilian schools, and after traaslaiion to
English, have leeun used with equal success by participating institutions
in the WHorihern Lemisphere., Vic: versa, several programs were prepared
by English spealiinc histologists, and translated into Portugzuese for-

use in Brazil.

)

The cost of presenting a prepared histology program is minimal.
One of the origin al objectives of ithe program was to insure thaic the
program delivez: srystem would noi w equre any more equipmeni than a tape
recorder, a slide projector, a bencil and a piece of paper, At the same
time, the pro raw: was developed with sufficient flexiiility to permit
later modificaticns which would wmale it adaptable to more sophisticated
‘delivery system%_such as closed circuit TV or computer assisted instruction,
All initial testinj has been accomplished with ehe most economical type of
equipment, since ii is not des1r0u to increase the sophistication of the

delivery methods uutil the entire prctotype program has Gheen completed

and validated.
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The studeuis have liked the programmed approach to histology
teaching, Since ihe scripts are prepared to meet course oujectives,
the stqdents very definitely know itlie important poiﬁts for vhich they
are responsivle. Also, the program provides a dual sensory inpu;, with
the studen: eia: aule to simultaneously hear and visualize the sulject
matter, The szudeni is given coples of the script for later study, It
should be euphasized at this poini that the program with.all its advantages,
does not replace the course texi.ook; instead, it supplements it in the

Ssame way as the noaventional leciure,

During tho first year in whilch daily qulzzes were ;jiven, ihe
class was raandouly divided into two groups. One group toolk the aquizzes,
whereas the co..txol group did not, Although the marks made by the
students iut %hc experimental quiz roup were not made a matter of class
record, it was found that in comparing the final marks of Loth jroups

at the end of the year, those ii. the test group were approximately 5

pSinis etter -than their colleagues in the coatrol group,.

In another educational research phase involving use of the daily
quiz, it was found that if studeals were cxposed a second time ito a
question in the same general area, chey would do‘approximately 20 points
better as a class avéragec Thus, individuals aad class ﬁérks ou the
daily quizzes were used as a statistical check to determine weak areas.
If the miss rate for a question was high, the answer wa; evelained in
detail to the.class. It should be mentioped that often a high miss rate

could be traced to an inadequéte.explénation in the program, instead of

to student weakiuess, In these cases, appropriate changes were made,




There was a high correlation of the daily quiz marks with those
attained by-thé same students in the major examinations. For instance,
the marks of the students in the first daily quiz of the year, were
correlated with their final examization marks at the 10% level, The
total cumulative scores after the second and ﬁhird daily quizzes for each
étudent vere corrclated at the 5% level. After the fourth, f£ifth and sixth
quizzes, the correlation coefficient had increased to 1%; whereas, from
"the seventh quiz onward, tﬁe correlation coefficient was better than 0,1%.
This data indicates that it is possible to identify weak students at a
very eariy period in time, Once the total progrem is developed, it will

be possible to prescribe remedial programs to correct indicated weaknesses,

With the céntinued ehphasis on programmed methods, the class
marks have become skewed, with more A and B grades awarded than is the case
for the técal 0£ C, D and F marks, If should be pointed out that this
does not represeui an easier~to-pass course, since there has not been one
student who has taken‘the National Dental Boards who has flunked in .
Histology, indicating that the knowledge transmitfal and Lknowledge
retention is better than for many other not-so-fortunate students.from other

dental schools in the United States,

-

The previous information is a result of many of the early
trial-and-error approaches to finﬂing a program format that would best
facilitate the achievement of céurse objectives. In this initial period
of testing; only-relatively small groups of students, numbering from
40 = 80 were involved. The majority of this testing was concentrated
in the School of Dentistry of the University of Puerto Rico, and in the

ERIC
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Federal University of Pernambuco iin Braéil. However, in the year

r
1970-71, a geries of events in Brazil forced a criticll test of the
potential of programming, At that time,.as a result of a change in
Brazilian law, the University of Pernambuco was confronted with the
necessity to tcach 800 students insiead of the 100 originally expected,
QEJYEVery limited ;dditional funds were made available to meet this
eightfold incréase in enrollment, 7To meet this crisis, thevpreviously
prepared histolosy programs that had been cooperatlvely tested on a

very limited basis, were finalized in time for the incoming class,

It was rvealized that the use of programmed learning for an entire
course would coistiltute a totally new experience for the faculty and
the students. Therefeore, it was decided that an educational _reseafch
effort should be accomplished in order to ﬁompare the accomplishments
of students taught by machine presented‘information, in contrast to
students receiving the same general 1aformation from a teacher,
Accordingly, in the flrst semester of 1970 36 students were divided
into two groups ou a random basis, with eighteen to serve as a control
~ group for conventioﬁal teaching, and the other as the experimental group

for receiving prosrammed learning.

Theue suureuts were from the Blochemistry Course, All had passed
the university eiilry tests, In addition, these students had taken a
. ]
battery of psychologic tests to detzrmine their general verbal, VLSuaL

and abstract perception levels, Trom previous experience, it had been

found tha: students w15h a mark over 75 in this battery of tests, q%ually




f

ended up with high marks in their course work; those who had below
40, usually ended up with a marginal or failing performance; whereas,
those fallingz Detwecen these two marks, generally were the medium

performing students,

were given an cxplanation of the methodé that were to be usedf Students
who were to reccive the conventional teaching, were requested to review
the appropriate chapters in their textbooks during the week prior to
their clagsrooir lacture., On the other hand, the students in thé
experimental group were giQen the scripts f;r the audio portion of the
program, and also fequested to stuéy it during the week in advance of
the class, On the day of the claés, the‘controi»group received a
classical lecture, Thé experimental group received én audio vidual

presentation given with a tape recorder and synchronized color slides.

In planhing the fesearch'program. Lt was agreed that if
programming was to. be aécepted by the academic community, there must be
- a parallel relationshiﬁ between the students performance in the psychologic
tests;_and those'attained-in the course wo;k. As it turned out, this
hypothesis was ot exactly correct,

‘ .
In evaluaiing the relationship of the final course marks against

the psycholozic scores, it was found that students having a high score

in the battery'of tests, also achieved high scores in either conventional
: x

or programmed instruction, This was much as expected; However, in the

marginal group with psychologic scores below 40, and in the medium group

~ ‘1

Q
ERC | :

‘



- 9 - i XL
between 40«75, there was an unexpected outcome, - In both of these

lower pgroups, the students performed as expzcted with the couventional
teaching;  however; in both the mediuu and the marginal groups, the
course of marks of those receiving érOgrammed instruction approximated

those of the next higher jroup that was taught by conventional teaching.

These findings were at the 5% or better level of significance,

Ia the second semester of 1970, the experiment was repeated with
7z students fron the course in Pharmacy. The same results were apparent,
Again, as in Puerto Rico, the results at the University of Pernambuco

demonstrated a sliewing of the zrade curve towards higher marks, indicating

‘that the same piro rammed material could be translated in two'different

O
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languages with similar fesults, - In summary, those studeﬁts with high
marlks in the ps;chologic tests can be predicted to be high achievers,

no matter whether course material is presented by conventional ot by
programmed instruction. However, in those cascs of those situdeni:s who
are'medium, or marninal petfofmers, a'higher mark caﬁ be expected from
use of proérammed instructién, thai by conventional teaching. Let us now
briefly discuss the impact of this inﬁormation on ﬁlanning for the greatiy

increased enrcllients that we can expect in the near future,

Efficiency in education mizht be defined mathematiéally as the
factor that represents an integration of all the variables‘that contribute
to better educating more people at less cost in time and moﬁey. An
equation fitting this definition would be: Efficiéncy of education equals
the number of students times the guality-of'students coming out of the
system, divided vy the cost of education 1n.temms of faculties and supporting

facilites times the time necessary to accomplish the education*

‘* Ee & HNumber of students X Qualitz,of students
Cost X Time
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In wsing this formula, ic can be seen that’in order to expahd
coﬁventional teaching to include more students, it is necessary to
increase the cost of larger faculties and expanded facilities, which
cancels out any possibility for an increase of efficiency in education,
On the other hazd, at the University of Pernambuco, the J00 students were
divided into ten classes of 80 ecach, and all given the same machine
presented pro;?ap Ly the same faculty personnel. Thus in prozrammed
learning, an i:cvease in student exrollment does not require a proporgionate

increase in need of a highly trained staff,

In conveniional teaching, ain increase in quality of subject
presentatioun usua11§ requires additionai faculty personnel with a higher
level of educatioral preparation, as well as a lower teacher to student
ratio. Conversely, in programmed presentations, a minimally trained
faculty meﬁber can present the prosrams prepared by the most qualified

authorities.

£ the factors of the diviéor of the formula can be consideread,
namely cost and time comitment, the compafison is equally interesting.
In conventional teaching, it is impossible to increase the number of
étudents‘without a proportionate inrcrease in cost, On the other hand,
once a procram is prepared, it costs very litilc more to present it to
200 students, than it does to 10G. Thus, in a programmed course, the

per student cos: _o0es down as the number of students imcreases.,
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i Finaliy, ia conventional tcaching, all students take the same !
period of time 6 go through a course., In general, outstaanding students
require four yszars to graduate,. which is the same time as required for

marginal students., If this time committmeut could be reduced for the

more capavle, it would result in economies for the student, and for the

teaching £ 153. In programmed learaning, it is possible for the rapid

1
L

learner to ‘use the programs for self iastruction and then provide the

opportunicy o finish earlier,

In cum"ar", programmed learting can be used with any number of
studentu, with Letter results thas can be attained with coavenitional
teaching, The ozt and time factors can be greatly reduced by programaing,
whereas with coueuiional mechods, the cost and time factors increase
proportionatelr with the number of students. Thus, the efficiency of
education with prozramming increases as the number of studeunts increase;
whereas, with conventional teachin:, the efficiency of educat -ion decreases
as the number of situdents increases,. I will repeat this last statement
because of ii:g importance. The efficiency of education with proyramming
increases-with the greater aumber of studeants; in conﬁentional teaching,
-the efficiency decreases with the ;reater number of students., This
means ithat universities of the future should be able to expand to meet
the great demands for student enrolilment, just as the histology course

could be equally well taught to (C3 students at the Unrvcvsi ty of

l :
Pernambuco, instead of to the 100 expected,
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Up to this point, the advantages of programming and cooperative
dcvelopment havc Jeen discussed, However,-much more needs to be
accpmplished, and possibly YOUR participation can be solicited. TFor
instance, oPcc 2 program is prepaved, it should be upgraded and further
edited to introduce new information, ox to correct weaknesses indicated
in interrogation procedures énd student feedback° This need to continually
mod'“ ¥ programs caanoi be accomplished by a small vroup because of the
immensity of tﬂe task. Instead, if committees could be formed in each
sunject area, with members serviu; on a rotating basis, new knowledge
couid be continually introduced, In this Hemisphere, such a committee
should include zepresentatives from the Spanish, Portuguese and English
speaking nations. In this way, the greatest regionai representation is
possible, thus maling the resources of the Hemisphere available to sll.

Efforts are now undcxrway o secure the support of an interndtional
! . . ]

organization to support an administrative base for such a cooperative

efforc., Only in this way can the eventual fuzds, political support and

prestige be available to secure the success cf such an i{nternational

0l

educational effort., Such support would include the possibility o

£

-carrying procrams over satellite TV IBQSMi"Slonb, or woyld include the

possi bility of using satellite bascd itelephone conferences to expedite

l“h

-

committee actious; and, it would include the possibility of linking the

universities of all nations with remote educational computers,

RIC

Aruitoxt provided by Eic:



In conclusion, the use of programmed learning methods in SGeneral
Histology have proved effective in Loth small and large scale experimental
prcgrams. However, to make the value of any program permaneni, a greater
and continued iupuit of new ideas and materials 1i.to the proéram is essential,
If there are any ia this audience vho would be interested in the cooperativé
development of a liemispheric program, please let me kncw after this
meefiing, I would like to have your . nane, addresé, university, academic
rank and subject area of chcice, 'Of; if desired, you can write ito me at
the School of Deatistry of the University of Puerto Rico, Ve who are
now here have the capability to help establish a medel for international
cooperation thét will both foster an exchange of information between
health educztors, as well as.have a very major favorable influence upon
international frieadship. With your help, these two great objectives

can be accomplished,

O
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